INTRODUCTION
The phosphorus turnover of tumors has been widely studied in animals and has been found to be higher than in normal tissues. Several blood dyscrasias have also been investigated extensively (1) (2) (3) . The high uptake of radiophosphorus by leukemic cells and by red cells in polycythemia vera has been applied to the treatment of these diseases (4, 5) . Low-Beer and collaborators have observed an increased uptake of radiophosphorus by human breast carcinomas as measured through the skin in vivo (6); but they have derived no information about turnover. Since no studies have been made of the turnover of phosphorus in naturally occurring human cancers, we thought it of interest to investigate the phosphorus turnover of carcinoma of the human stomach, one of the most common of human malignancies. Because phosphorus takes part in so many reactions of the body, it also seemed of interest to determine whether any change in phosphorus metabolism was related to any particular group of compounds. Therefore, the turnover of the acid soluble, lipid, and protein phosphorus fractions was determined independently. The possible existence of quantitative differences in the phosphorus content of normal tissue and of tumor tissue was also investigated.
METHODS
These studies were made on patients undergoing subtotal gastrectomy, either for malignancy of the stomach or for non-malignant duodenal or gastric disease. The pathological diagnoses and other pertinent data are recorded in Table I . All patients were under the routine care of the surgical service and received blood transfusions and other intravenous medication as indicated. 1 This work was supported in part by the Cowing (7) which showed that this would lead to a total body irradiation of not more than 1.5r.
Within one hour after removal of the stomach the mucosa was stripped from the stomach wall and prepared for analysis. In the non-cancerous stomachs mucosa was taken from the greater curvature, lesser curvature and pre-pyloric area; duodenal samples were obtained whenever possible. In the tumor-bearing stomach the position of the lesion was usually such that normal samples of all the areas could not be obtained. Consequently, a sample of normal appearing mucosa as far from the lesion as possible was taken. Histological study later showed that there were no malignant cells in the areas taken as non-cancerous. In the ulcerating tumors the samples were taken from the actively growing edge of the lesion.
The following analyses were performed: Total phosphorus: 300 mg of tissue were dried in an oven at 1100 C for two to three hours and then digested with 10 After the digestion, each sample was diluted to a suitAll data have been analyzed statistically; Fisher's "t" able volume and aliquots were taken of the same sample test was used throughout as a criterion of significance for counting in solution with a Geiger-Mueller dipping (11) . counter (8) by chance. Therefore, the average of these results may be considered to be the mean phosphorus con-the means of the cancer and the control group is tent of the stomach, irrespective of the area of insignificant. Thus, the phosphorus content is the origin. same for all the tissues studied, whether normal Table III Concentration Coefficients of the various regions of the normal stomach are the same. The use of an average value is therefore justified (Table IV) . Furthermore, there is no significant difference between the non-cancerous mucosa from the cancer-bearing stomach and the mucosa from a stomach that does not bear a cancer (Table V) . Therefore, all the non-cancerous samples of mucosa are grouped together regardless of presence or absence of cancer in other parts of the stomach, and their average Biological Concentration Coefficient compared to that of the cancer. This comparison (Figure 1) shows an increase in the Biological Concentration Coefficient of the total phosphorus of 47% over the normal (p < 0.01). The increase in the Biological Concentration Coefficient of the acid-soluble phosphorus is insignificant, but the 43%o increase in the lipid phosphorus and the 124%o increase in the protein phosphorus fractions are both statistically significant (p < 0.01 and p = 0.02, respectively).
DISCUSSION
Since this work was undertaken to study the turnover of phosphorus, i.e., the replacement of phosphorus present by new phosphorus, it was necessary to express results in terms of specific activity-counts per millimole of phosphorus.
Because the radioactivity of a tissue will vary with the administered dose, counts were expressed as fractions of the injected dose. To avoid calculating the decay of the material, the dose was calculated from a standard solution counted on the same day as the samples. It was expressed in terms of body weight in order to compare different patients on the basis of equivalent doses. The factor of 100 is arbitrary. This expression we call Biological Concentration Coefficient. BCC = Cpm found in sample/mM P Cpm injected/gm of body weight
The use of this expression is discussed at length elsewhere (10) .
The expression Biological Concentration Coefficient has two important properties. It has no dimensions and it is not additive. One cannot add the Biological Concentration Coefficient of the acidsoluble fraction to that of the lipid fraction and that of the protein fraction and arrive at the value for the Biological Concentration Coefficient of the total phosphorus.
Phosphorus content: As pointed out previously, no differences were found in the phosphorus content of normal tissue and of the tumor. This is in contrast to the work of Kishi, Fujiwara, and Nakahara (12) who reported that the lipid phosphorus in experimental hepatomas was markedly decreased. Lustig (13) found a low lipid phosphorus content in human lung tumors and a high inorganic and protein phosphorus content. Whether this discrepancy is due to a species difference or a difference in the type or site of tumors studied is impossible to say.
Turnover: It has been shown that the constituents of a tissue are not static. There is a continuous building up and breaking down of tissue. When a tissue remains of constant size, as many atoms of an element must be lost as are being added. The ratio of the atoms added per unit of time to the total atoms of that element present in the tissue is known as the rate of turnover (14) . Although this value cannot be determined absolutely except in special cases, relative rates of turnover can be estimated by comparing Biological Concentration Coefficients.
As labeled atoms are incorporated into a tissue their concentration rises rapidly and linearly at first and then slowly levels off to a maximum value. The maximum will be approximately the same for all tissues (15) . During the linear portion of the uptake curve the amount of tracer in the tissue will be proportional to the number of new atoms being added, since the number of labeled atoms present is so small that their loss is negligible compared to the total number lost. Therefore, when radioactive phosphorus is administered to a patient and the Biological Concentration Coefficient is determined soon thereafter, the Biological Concentration Coefficient is proportional to the phosphorus turnover during the experimental period.
In practice we cannot assure ideal conditions. The size of the tissue remains constant within the limits of our experimental error. The ratio of tagged to untagged atoms in the plasma is not constant, but our expression has been so devised that the rate of change is probably the same in all subjects. The ideal time to measure the activity of the tissue (if one could obtain countable samples) would be immediately after injection of the isotope. At this time only a few atoms have been incorporated and the Biological Concentration Co-efficient will be absolutely proportional to turnover. After this, the uptake curve starts slowly to level off and the Biological Concentration Coefficient will always be less than this value, i.e., it will represent a minimum value. Thus, the differences found are minimum differences, although they approximate the true values.
The rate of phosphorus turnover is at least 45%o higher in gastric cancer than in non-cancerous gastric mucosa. This is in accord with the results found in tumors in experimental animals (1-3) .
When the acid-soluble phosphorus compounds were studied the turnover rates in cancer and noncancerous mucosa were found to be essentially the same.
The lipid phosphorus turnover is at least 45%o higher in the tumor than in the non-cancerous tissue. Cell phospholipids are present usually as structural cell components so that this increased turnover probably represents a more rapid cell formation and destruction.
The phosphoproteins-chiefly nucleoproteinsare principally cell building blocks. Therefore, the 124%o increase in the phosphoprotein turnover as compared to normal turnover probably results from enhanced tissue synthesis. Brues, Tracy, and Cohn (16), studying regenerating liver and hepatoma in the rat, found an increased uptake of phosphorus in nucleic acids and found this to be due chiefly to the desoxyribose nucleic acid, the compound present chiefly in the cell nuclei.
There are two possible ways of explaining the increased growth of a tissue. All tissues are continually breaking down (18) , on the other hand, studying the incorporation of labeled glycine into proteins of regenerating liver, found that it was incorporated at about the same rate as into the proteins of resting livers. From this they concluded that the mechanism of increasing size was the inhibition of the breakdown of tissue. When studying transplanted rat sarcomas, their results were equivocal (19) .
Our results tend to agree with those of the former group since the tumor tissues are synthesizing phosphoproteins at more than twice the normal rate. Catabolism must also be increased to some extent, since the increased rate of turnover is much higher than the observed rate of growth. These experiments then, tend to show that the increasing size of a tumor is due to the increased building of cell constituents and an increased breakdown which, however, is not rapid enough to maintain a constant normal size.
Clinically, it has been recognized that on some portions of the stomach, such as the pre-pyloric area and the greater curvature, cancer is common. On the other hand, cancer is less common on the lesser curvature, and is very rare in the duodenum. No satisfactory explanation has been advanced for this. The possibility suggested itself that in the absence of cancer, the regions in which cancer is common had a metabolism more like cancer than did those regions where cancer is rare. The results of studying the few non-cancerous stomachs available tend to show that the rates of phosphorus turnover in all areas of the stomach are the same. Of course, completely normal stomachs are not available as operative specimens.
Another common clinical observation is that cancer of the stomach and atrophic gastritis occur together more frequently than would be expected from their occurrence alone in the general population. This has led to the suggestion that atrophic gastritis might be a precancerous lesion. If this were true, one might expect that the atrophic mucosa would show chemical or metabolic properties intermediate between the cancer and the normal. Cowdry (20) observed this to be the case with many properties of experimental and naturally occurring cancers of the skin. To investigate this possibility the uninvolved mucosa of cancer-bearing stomachs (usually showing atrophic gastritis) was compared with the mucosa of non-cancer-bear-ing stomachs. At least in regard to the rate of turnover of phosphorus, no difference could be observed. The evidence tends to show that the malignant type of metabolism is limited to the confines of the tumor itself, and that the rest of the mucosa behaves normally.
SUMMARY
The phosphorus content and the rate of phosphorus turnover of non-cancerous gastric mucosa and of gastric carcinoma have been measured with the aid of radioactive phosphorus.
1. The rate of turnover of phosphorus by gastric carcinoma is at least 45%o higher than by non-cancerous gastric mucosa.
2. There was at least a 124%o increase in the turnover of protein phosphorus and at least a 45 % increase in turnover of lipid phosphorus; the acidsoluble phosphorus turnover remained unchanged.
3. The increased rate of phosphorus turnover is limited to the cancer itself and is not demonstrable in the surrounding tissue.
4. In the non-cancerous stomach there are no differences in those areas in which cancer is common and in those in which it is rare.
5. There is no difference in the phosphorus content of cancer of the stomach and non-cancerous gastric mucosa.
